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PRELIMINARY AMENDMENT UNDER 37 CFR 5 1.115 

Hon. Commissioner of Patents and Trademarks 
Washington, D.C. 20231 



This preliminary amendment is submitted with the application for entry into 
the U.S. National Phase under Chapter II. This application is based on 
PCT/EP00/03401 filed on 14 April 2000. 

In connection with the filing of this National Phase application, please 
make the following preliminary amendments. 



IN THE SPECIFICATION 

After the title, please insert -This application is a National Phase 
Application of Patent Application PCT/EP00/03401 filed on 14 April 2000.- 
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IN THE CLAIMS: 

Please cancel claims 5 and 8. 

Please replace original claims 1-4, 6-7, and 9-12 with the following amended 
claims: 

1 . (Amended) A coating material curable thermally and with actinic 
radiation, comprising 

(a1 ) at least one constituent containing 

(a1 1 ) at least two functional groups which serve for 
crosslinking with actinic radiation, and if desired 

(a12) at least one functional group which is able to 
undergo thermal crosslinking reactions with a 
complementary functional group (a22) in the constituent 
(a2), and 
(a2) at least one constituent containing 

(a21 ) at least two functional groups which serve for 
crosslinking with actinic radiation, and 

(a22) at least one functional group which is able to 
undergo thermal crosslinking reactions with a 
complementary functional group (a12) in the constituent 
(a1). 

and also optionally one or more members selected from the group consisting of 
(a3) at least one photoinitiator, (a4) at least one thermal crosslinking initiator, 
(a5) at least one reactive diluent curable thermally and/or with actinic radiation, 
(a6) at least one coatings additive, and/or (a7) at least one thermally curable 
constituent, with the proviso that the coating material contains at least one 
thermally curable constituent (a7) if the constituent (a1) has no functional group 
(a12). 

2. (Amended) The coating material of claim 1 , wherein the functional groups 
(a1 1) and (a21) comprise at least one group selected from olefinically 
unsaturated groups or epoxide groups. 
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3. (Amended) The coating material of claim 1 , wherein the constituent (a1 ) 
comprises a urethane (meth)acrylate and the constituent (a2) comprises at least 
one member selected from a (meth)acrylate-functional (meth)acrylate copolymer 
containing free isocyanate groups, a (meth)acrylate-fu notional polyisocyanate, 
and mixtures thereof. 

4. (Amended) A process of sealing a substrate selected from the group consisting 
of SMCs (sheet molded compounds) and BMCs (bulk molded compounds), 
comprising 

applying the coating material of claim 1 to a substrate selected from the 
group consisting of SMC substrates and BMC substrates to provide a coated 
substrate, and 

curing the coated substrate with actinic and thermal energy to provide a 
sealed substrate. 

6. (Amended) A process for eliminating microbubbles from topcoated 
microporous substrates, comprising 

applying a coating composition to a microporous substrate to provide a 
coated microporous substrate, said coating composition curable both actinically 
and, 

curing the coated microporous substrate both actinically and thermally to 
provide a sealed microporous substrate, 

applying one or more topcoat coating materials to the sealed microporous 
substrate to provide a topcoated sealed substrate, and 

thermally curing the topcoated sealed substrate to provide a topcoated 
microporous article having no microbubbles . 

7. (Amended) An SMC (sheet molded compound) or BMC (bulk molded 
compound) sealed with the coating material of claim 1 . 
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9. (Amended) An automobile comprising sealed SMC (sheet molded compounds) 
and/or BMCs (bulk molded compounds) as claimed in claim 7. ^ 

10. (Amended)The process of claim 6 wherein the thermal cure of the coated 
microporous article and the topcoated sealed substrate occur simultaneously. 

1 1 .(Amended) The process of claim 6 wherein the one or more topcoating 
materials are selected from the group consisting of clearcoats, colored topcoats, 
effect coating materials, and mixtures thereof. 

12. (Amended) An article selected from the group consisting of motor vehicle 
parts, plastics parts, furniture, coils, containers, and industrial parts which is 
made by the process of claim 6. 

Please add new claims 13-16: 

13. (New) The coating material of claim 1, wherein the functional groups (a12) 
comprise hydroxyl groups. 

14. (New) The coating material of claim 1 , wherein the functional groups (a22) 
comprise isocyanate groups. 

15. (New) The coating material of claim 2, wherein the functional groups (a1 1) 
and (a21) are olefinically unsaturated groups. 

16. (New)The process of claim 6 wherein said coating composition comprises 

at least one constituent (a1 ) having at least two functional groups (a1 1 ) 
and no functional groups (a12), 
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at least one constituent (a2) having at least two functional groups (a21 ) 
crosslinkable with actinic radiation and at least one functional group (a22) which 
undergoes thermal crosslinking, 

at least one thermally curable binder, and 

at least one thermally curable crosslinking agent. 
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REMARKS 

Upon entry of the present amendment claims 1-4, 6-7, and 9-16 are 
pending in the application. Claims 1-4, 6-7, and 9-12 have been amended in 
accordance with the requirements of U.S. patent practice. New claims 13-16 
add no new matter, as these claims contain subject matter deleted from the 
amended claims. Applicants respectfully request entry of the preliminary 
amendment. 
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Version with Markings to Show Changes Made 

Please cancel claims 5 and 8 without prejudice. 
Please amend original claims 1-4 as follows: 

1. (Amended) 1. (Amended) A coating material curable thermally and 
with actinic radiation, comprising 

(a1 ) at least one constituent containing 

(a1 1 ) at least two functional groups which serve for 
crosslinking with actinic radiation, and if desired 

(a12) at least one functional group which is able to 
undergo thermal crosslinking reactions with a 
complementary functional group (a22) in the constituent 
(a2), and 
(a2) at least one constituent containing 

(a21 ) at least two functional groups which serve for 
crosslinking with actinic radiation, and 

(a22) at least one functional group which is able to 
undergo thermal crosslinking reactions with a 
complementary functional group (a12) in the constituent 
(a1), 

and also[, if desired, comprising! optionally one or more members selected from 
the group consisting of (a3) at least one photoinitiator, (a4) at least one thermal 
crosslinking initiator, (a5) at least one reactive diluent curable thermally and/or 
with actinic radiation, (a6) at least one coatings additive, and/or (a7) at least one 
thermally curable constituent, with the proviso that the coating material contains 
at least one thermally curable constituent (a7) if the constituent (a1) has no 
functional group (a12). 

2. (Amended) The coating material [as claimed in]of claim 1, wherein the 
functional groups (a1 1) and (a21) comprise at least one group selected from 
olefinically unsaturated groups or epoxide groupsf, especially olefinically 
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unsaturated groups, the functional groups (a12) comprise hydroxyl groups, and 
the complementary functional groups (a22) comprise isocyanate groups]. 

3. (Amended) The coating material [as claimed in]of claim 1[ or 2], wherein the 
constituent (a1) comprises a urethane (meth)acrylate and the constituent (a2) 
comprises at least one member selected from a (meth)acrylate-functional 
(meth)acrylate copolymer containing free isocyanate groups^ and/or] a 
(meth)acrylate-functional polyisocyanate , and mixtures thereof . 

4. (Amended) A process of sealinq fThe use of the coating material as claimed in 
any of claims 1 to 3 for sealingl a substrate selected from the group consisting of 
SMCs (sheet molded compounds) and BMCs (bulk molded compounds)^ 
comprising 

applying the coating material of claim 1 to a substrate selected from the 

group consisting of SMC substrates and BMC substrates to provide a coated 
substrate, and 

curing the coated substrate with actinic and thermal energy to provide a 

sealed substrate . 

6. (Amended) A process for eliminating microbubbles from topcoated 
microporous substrates, comprising 

applying a coating composition to a microporous substrate to provide a 

coated microporous substrate, said coating composition curable both actinically 
and. 

curing the coated microporous substrate both actinically and thermally to 

provide a sealed microporous substrate, 

applying one or more topcoat coating materials to the sealed microporous 

substrate to provide a topcoated sealed substrate, and 

thermally curing the topcoated sealed substrate to provide a topcoated 

microporous article having no microbubbles Isealing SMCs (sheet molded 
compounds) and BMCs (bulk molded compounds) by applying a primer coat of a 
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coating material and curing the primer coat, which comprises using a coating 
material as claimed in any of claims 1 to 3]. 

7. (Amended) An SMC (sheet molded compound) or BMC (bulk molded 
compound) sealed with the coating material of claim 1 fa primer coat producible 
with the aid of the process as claimed in claim 6]. 

9. (Amended) An automobile comprising sealed SMC (sheet molded compounds) 
and/or BMCs (bulk molded compounds) as claimed in claim 7. 

10. (Amended) [A process for producing a clearcoat or a multicoat color and/or 
effect coating system, in which at least one clearcoat film of a coating material 
curable thermally and with actinic radiation is applied to the surface of a primed 
or unprimed substrate or, wet-on-wet, to the surface of a basecoat film and, if 
appropriate, is cured together with the basecoat film, which comprises using as 
coating material the coating material as claimed in any of claims 1 to 3]The 
process of claim 6 wherein the thermal cure of the coated microporous article 
and the topcoated sealed substrate occur simultaneously . 

1 1 .(Amended) [A clearcoat or multicoat color and/or effect coating system, 
producible with the aid of the process as claimed in claim 1 0I The process of 
claim 6 wherein the one or more topcoatinq materials are selected from the 
group consisting of clearcoats, colored topcoats, effect coating materials, and 
mixtures thereof . 

1 2. (Amended) A n article selected from the group consisting of motor vehicle 
parts , plastics parts, furniture[ item! , coils, containers, and [or other part for 
private or ]industrial parts fuse. including coils and containers, comprising at least 
one clearcoat and/or at least one multicoat system as claimed in claim 1 11 which 
is made by the process of claim 6 . 
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Please add the following new claims 13-16: 

13. (New) The coating material of claim 1, wherein the functional groups (a12) 
comprise hydroxyl groups. 

14. (New) The coating material of claim 1, wherein the functional groups (a22) 
comprise isocyanate groups. 

1 5. (New) The coating material of claim 2, wherein the functional groups (a1 1 ) 
and (a21) are olefinically unsaturated groups. 

16. (New)The process of claim 6 wherein said coating composition comprises 

at least one constituent (a1) having at least two functional groups (a1 1) 
and no functional groups (a12), 

at least one constituent (a2) having at least two functional groups (a21) 
crosslinkable with actinic radiation and at least one functional group (a22) which 
undergoes thermal crosslinking, 

at least one thermally curable binder, and 

at least one thermally curable crosslinking agent. 



Date: October^, 2001 
BASF Corporation 
26701 Telegraph Road 
Southfield, Michigan 48034-2442 
(248)-948-2020 




Respectfully Submitted, 




RegistrationHSIo. 36,814 
Customer No. 26922 
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PAT 99141 PCT March 23, 2000 

BASF Coatings AG 

Coating material curable thermally and with actinic 
5 radiation, and its use 

The present invention relates to a novel coating 
material curable thermally and with actinic radiation. 
The present invention additionally relates to the use 
10 of the novel coating material for sealing the porous 
surface of SMCs (sheet molded compounds) and BMCs (bulk 
molded compounds) . 

SMCs and BMCs have been used for a long time to produce 
15 sanitary articles, domestic appliances and structural 
components of complex shape, especially for automotive 
construction, such as protective panels, fenders, 
doors, or lamp reflectors. Because of their structure 
and their material composition on the basis of glass 
20 fibers, the SMCs and BMCs are of high temperature 
resistance and withstand temperatures of 190 to 200°C 
with little deformation. Furthermore, the complex 
articles may be produced more easily and with greater 
accuracy using this technology than using reinforced 
25 thermoplastics. 

A disadvantage of the SMCs and BMCs is that they have a 
microporous surface and therefore cannot be coated 
directly, since microbubbles (blisters) are formed in 
30 the coating at 70 to 80°C by monomers such as styrene 
escaping in gaseous forms. 

The measures which must be taken to counter this 
problem are complicated. 

35 

For example, the European patent EP-A-0 753 358 
discloses a process for coating SMCs and BMCs in which 
the material is coated first with a layer of an 
adhesion promoter and second with a gas-impervious 
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barrier coat. The barrier coat consists of a 
transparent two-component polyurethane coating which 
has been fully cured at 60° Celsius. However, the 
barrier coat is unable to meet all the requirements 
5 imposed on a sealing coat. 

In another process, sealing is effected by applying a 
powder coating material. However, SMCs and BMCs have a 
low thermal conductivity, so that the powder does not 

10 flow out correctly. Moreover, the temperatures of up to 
180°C that are needed to crosslink the powder coating 
material greatly increase the gaseous escape of the 
monomers from the materials. In order to suppress this, 
in turn, it is necessary to employ coat thicknesses of 

15 up to 70 \itci. This is firstly uneconomic, owing to the 
higher level of material consumption, and on the other 
hand necessitates the sanding of the crosslinked powder 
coats in order to remove surface structures such as 
orange peel . 

20 

The SMCs and BMCs may also be sealed using coating 
materials which are curable with actinic radiation, 
especially UV radiation (cf . the patents US-A-4 , 1 3 9 , 38 5 
or EP-A-0 262 464) . The resulting sealing coat is often 
25 found, however, to be too hard and difficult to 
overcoat . 

It is therefore an object of the present invention to 
find a new sealing system for SMCs and BMCs which no 

30 longer has the disadvantages of the prior art but which 
instead easily and effectively suppresses the formation 
of microbubbles (blisters) , has a smooth surface free 
from structures such as orange peel, said surface 
requiring no af tertreatment , is easy and safe to 

35 overcoat, and does not give rise to any subsequent 
problems of intercoat adhesion. 
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Accordingly we have found the novel coating material 
curable thermally and with actinic radiation and 
comprising 

(al) at least one constituent containing 

(all) at least two functional groups which 

serve for crosslinking with actinic 
radiation, and if desired 

(al2) at least one functional group which is 

able to undergo thermal crosslinking 
reactions with a complementary 

functional group (a22) in the 

constituent (a2) , 



(a2) at least one constituent containing 

(a21) at least two functional groups which 

serve for crosslinking with actinic 
radiation, and 

25 (a22) at least one functional group which is 

able to undergo thermal crosslinking 
reactions with a complementary 

functional group (al2) in the 

constituent (al), 

30 

and also, if desired, comprising 
(a3) at least one photoini tia tor , 
35 (a4) at least one thermal crosslinking initiator, 



20 



(a5) at least one reactive diluent curable thermally 
and/or with actinic radiation, 
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(a6) at least one coatings additive, and/or 

(a7) at least one thermally curable constituent, 

5 with the proviso that the coating material contains at 
least one thermally curable constituent (a7) if the 
constituent (al) has no functional group (al2). 

In the text below, the novel coating material curable 
10 thermally and with actinic radiation is referred to as 
the "coating material of the invention". 

We have also found the new process for sealing SMCs 
(sheet molded compounds) and BMCs (bulk molded 
15 compounds) by applying a primer coat of a coating 
material and curing the primer coat, wherein said 
coating material comprises the coating material of the 
invention . 

20 In the text below, the novel process for sealing SMCs 
and BMCs is referred to the "sealing process of the 
invention" . 

Additionally, we have found the novel SMCs (sheet 
25 molded compounds) and BMCs (bulk molded compounds) , 
sealed with a primer coat, which are producible with 
the aid of the sealing process of the invention. 

In the text below, the novel SMCs and BMCs sealed with 
30 a primer coat are referred to as the "compounds of the 
invention" . 

Moreover, we have found the novel clearcoats and 
multicoat color and/or effect coating systems which may 
35 be produced with the aid of the coating material of the 
invention . 

In the text below, the novel clearcoats and multicoat 
color and/or effect coating systems are referred to as 
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the "clearcoat of the invention" and "multicoat systems 
of the invention", and the corresponding processes for 
producing them are referred to as the "coating 
processes of the invention". 



In the context of the present invention, the term 
"thermal curing" denotes the heat-initiated curing of a 
film of a coating material in which, normally, a 
separate crosslinking agent is employed. This is 
commonly referred to by those in the art as external 
crosslinking. Where the crosslinking agents are already 
incorporated in the binders, the term used is self- 
crosslinking . In accordance with the invention, 
external crosslinking is of advantage and is therefore 
employed with preference. 

In the context of the present invention, actinic 
radiation means electron beams or, preferably, UV 
radiation. Curing by UV radiation is normally initiated 
by free-radical or cationic photoini tiator s and in 
terms of its mechanism is a free-radical or cationic 
photopolymerization . 

Where thermal curing and curing with actinic light are 
employed together for a coating material, the term 
"dual cure" is also used. 



In the light of the prior art it was surprising and 
unforeseeable for the skilled worker that the very 
complex problem on which the present invention is based 
might be solved with the aid of the coating material of 
the invention, of the sealing process of the invention 
and of the compounds of the invention, and that further 
fields of application might be opened up to the coating 
material of the invention with the clearcoats and 
multicoat systems of the invention. 



It is particularly surprising that the use of the 
coating material of the invention results in a sealing 



system which easily and effectively suppresses the 
formation of microbubbles (blisters) , has a smooth 
surface free from structures such as orange peel, 
requiring no af tertreatment , and can be overcoated 
easily and safely without giving rise to subsequent 
problems of intercoat adhesion. 

A further surprise is that the outstanding overcoat- 
ability is retained even when the sealing coat or 
primer coat on electrically conductive compounds of the 
invention is overcoated with an electrodeposition 
coating material. This makes it possible to build the 
compounds of the invention directly into the uncoated 
automobile bodies and to coat them in the same way as 
the metal parts, which is a very special advantage of 
the present invention. 

Even more of a surprise is that the coating material of 
the invention is generally outstandingly suitable, as 
well, for coating primed or unprimed substrates other 
than SMCs and BMCs. 



Suitable substrates in this context are all surfaces 
for coating that are amenable to a combined cure using 
heat and actinic radiation, i.e., for example, metals, 
plastics, wood, ceramic, stone, textile, leather, 
glass, glass fibers, glass wool, rock wool, mineral- 
and resin-bound building materials, such as 
plasterboard and cement slabs, or roof tiles. 
Accordingly, the coating material of the invention is 
also suitable for applications outside of automotive 
finishing, especially for the coating of furniture and 
for industrial coating, including coil coating and 
container coating. In the context of industrial 
coatings, it is suitable for coating virtually all 
parts for private or industrial use, such as radiators, 
domestic appliances, small metal parts, hub caps or 
wheel rims. The coating material of the invention is 
particularly suitable as a coating for basecoats, 
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especially aqueous basecoats, preferably in the 
automotive industry. 

Using the coating material of the invention it is 
possible in particular as well to coat primed or 
unprimed plastics such as, for example, ABS, AMMA, ASA, 
CA, CAB, EP, UF, CF, MF, MPF, PF, PAN, PA, PE, HDPE , 
LDPE, LLDPE, UHMWPE, PET, PMMA, PP, PS, SB, PUR, PVC , 
RF, SAN, PBT, PPE, POM, PUR-RIM, SMC, BMC, PP-EPDM and 
UP (abbreviations in accordance with DIN 7728T1) . The 
plastics to be coated may of course also be polymer 
bonds, modified plastics, or fiber reinforced plastics. 
The coating material may also be used to coat plastics 
which are commonly used in vehicle construction, 
especially motor vehicle construction. Unf unctionalized 
and/or nonpolar substrate surfaces may be subjected 
prior to coating in a known manner to pret reatment , 
such as with a plasma or by flaming. 

The coating material of the invention comprises at 
least one constituent (al) containing at least two 
functional groups (all) which serve for crosslinking 
with actinic radiation. 

Examples of suitable functional groups (all) are 
epoxide groups or olefinically unsaturated double 
bonds, as are present in vinyl, allyl, cinnamoyl, 
methacryloyl or acryloyl groups, especially meth- 
acryloyl or acryloyl groups. As is known, the epoxide 
groups are used for cationic photopolymerization, 
whereas the olefinically unsaturated double bonds are 
appropriate primarily for free-radical photo- 
polymerization. In accordance with the invention, the 
constituent (al) may comprise epoxide groups and 
olefinic double bonds, so that it may be subjected to 
crosslinking with actinic radiation by both mechanisms. 
However, it is of advantage to use exclusively 
olefinically unsaturated double bonds of the 
abovement ioned kind as functional groups (all) . 
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Additionally, the constituent (al) for use in 
accordance with the invention may comprise at least 
one, preferably at least two, functional group (s) (al2) 
which are able to undergo thermal crosslinking 
reactions with the complementary functional groups 
(a22) of the constituent (a2) described below. 

Examples of suitable complementary functional groups 
(al2) and (a22) are evident from the overview below, in 
which R represents organic radicals. 

Overview: Examples of complementary functional groups 
(al2) and (a22) in the 

Constituent (al) and Constituent (a2) 
or 

Constituent (a2) and Constituent (al) 

-SH -C(0)-OH 

-NH 2 -C(0)-0-C(0)- 

-0H -NCO 



-NH-C (0) -OR 



-CH 2 -OH 
-CH2-O-CH3 
-NH-C (0) -CH ( 
-NH-C (0) -CH { 



•C(0)OR) 2 

-C (O) OR) (-C (O) -R) 



-NH-C (0) -NR 2 



-Si (OR) 2 



[sic] 



-C (O) -OH 



[sic] 



-0-C (O) -CR=CH 2 



-OH 



-0-CR=CH 2 



-NH 2 

-C (O) -CH 2 -C (0) -R 
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-CH=CH 2 



The selection of the respective complementary groups 
(al2) and (a22) is guided on the one hand by the 
consideration that they should not enter into any 
unwanted reactions initiated by actinic radiation and 
should not disrupt or inhibit curing with actinic 
radiation, and secondly by the temperature range in 
which thermal curing is to take place. In this context 
it is of advantage according to the invention, 
especially with regard to heat-sensitive substrates 
such as plastics, to choose a temperature range which 
does not exceed 100°C, in particular 80°C. In the light 
of these boundary conditions, hydroxyl groups and 
isocyanate groups have proven advantageous as 
complementary functional groups, and so are employed 
with preference in accordance with the invention. 
Particular advantages result if the hydroxyl groups are 
used as functional groups (al2) and the isocyanate 
groups as functional groups (a22) . 

Where there is no functional group (al2) in the 
constituent (al), the coating material I [sic] 
comprises at least one thermally curable constituent 
(a7), described in detail below. In accordance with the 
invention, however, it is of advantage if the 
constituent (al) does comprise at least one functional 
group (al2 ) . 

Accordingly, the particularly advantageous constituent 
(al) is an oligomeric or polymeric compound curable 
thermally or with actinic radiation which comprises at 
least one, preferably at least two and in particular at 
least three, hydroxyl group (s) (al2) and at least two, 
and in particular three, (meth) acryloyl groups (all). 

In the context of the present invention, an oligomeric 
compound is a compound containing in general on average 
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from 2 to 15 repeating basic structures or monomer 
units. A polymeric compound, in contrast, is a compound 
which generally contains on average at least ten 
repeating basic structures or monomer units. Compounds 
of this kind are also referred to by those in the art 
as binders or resins. 

In contradistinction thereto, a low molecular mass 
compound in the context of the present invention is a 
compound which derives substantially only from one 
basic structure or one monomer unit. Compounds of this 
kind are also referred to generally by those in the art 
as reactive diluents. 

The polymers or oligomers used as binders (al) normally 
have a number average molecular weight of from 500 to 
50,000, preferably from 1000 to 5000. They preferably 
have a double bond equivalent weight of from 400 to 
2000, with particular preference from 500 to 900. 
Furthermore, they have a viscosity at 23°C of 
preferably from 250 to 11,000 mPas. They are employed 
preferably in an amount of from 5 to 90% by weight, 
with particular preference from 10 to 80% by weight, 
and in particular from 15 to 70% by weight, based in 
each case on the overall amount of the coating 
material . 

Examples of suitable binders or resins (al) come from 
the oligomer and/or polymer classes of the 

(meth) acryloyl-f unctional (meth ) acrylic copolymers, 
polyether acrylates, polyester acrylates, polyesters, 
epoxy acrylates, urethane acrylates, amino acrylates, 
melamine acrylates, silicone acrylates and phosphazene 
acrylates and the corresponding methacrylates . It is 
preferred to use binders (al) which are free from 
aromatic structural units. Preference is therefore 
given to using urethane (meth) acrylates, phosphazene 

(meth) acrylates and/or polyester (meth) acrylates , with 
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particular preference urethane (meth ) acrylates , 

especially aliphatic urethane (meth ) acrylates . 

The urethane (meth) acrylates (al) are obtained by 
reacting a diisocyanate or polyi socyanate with a chain 
extender from the group of the diols/polyols and/or 
diamines/polyamines and/or dithiol s /polythiol s and/or 
alkanolamines and then reacting the remaining free 
isocyanate groups with at least one hydroxyalkyl 
(meth) acrylate or hydroxyalkyl ester of other 
ethylenically unsaturated carboxylic acids. 

The amounts of chain extender, diisocyanate or 

polyisocyanate, and hydroxyalkyl ester in this case are 
preferably chosen so that 

1. ) the ratio of eguivalents of the NCO groups to the 

reactive groups of the chain extender (hydroxyl, 

amino and/or mercapto groups) is between 3:1 and 
1:2, preferably 2:1, and 

2. ) the OH groups of the hydroxyalkyl esters of the 

ethylenically unsaturated carboxylic acids are 

stoichiometric with regard to the remaining free 

isocyanate groups of the prepolymer formed from 
isocyanate and chain extender. 

It is also possible to prepare the urethane 
(meth) acrylates by first reacting some of the 
isocyanate groups of a diisocyanate or polyisocyanate 
with at least one hydroxyalkyl ester and then reacting 
the remaining isocyanate groups with a chain extender. 
In this case too the amounts of chain extender, 
isocyanate and hydroxyalkyl ester are chosen such that 
the ratio of eguivalents of the NCO groups to the 
reactive groups of the chain extender is between 3:1 
and 1:2, preferably 2:1, and the ratio of equivalents 
of the remaining NCO groups to the OH groups of the 
hydroxyalkyl ester is 1:1. All of the forms lying 
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between these two processes are of course also 
possible. For example, some of the isocyanate groups of 
a diisocyanate may be reacted first of all with a diol, 
after which a further portion of the isocyanate groups 
may be reacted with the hydroxyalkyl ester, and, 
subsequently, the remaining isocyanate groups may be 
reacted with a diamine. 

These various preparation processes for the urethane 
(meth) acrylates (al) are known, for example, from the 
patent EP-A-0 204 16 [sic] . 

The urethane (meth ) acrylates (al) may be f lexibili zed, 
for example, by reacting corresponding isocyanate- 
functional prepolymers or oligomers with relatively 
long-chain aliphatic diols and/or diamines, especially 
aliphatic diols and/or diamines having at least 
6 carbon atoms. This f lexibili zation reaction may be 
carried out before or after the addition of acrylic 
and/or methacrylic acid onto the oligomers and/or 
prepolymers . 

Further examples which may be mentioned of suitable 
urethane (meth ) acrylates (al) are the following, 
commercially available polyf unct ional aliphatic 
urethane acrylates: 

- Crodamer® UVU 300 from Croda Resins Ltd., Kent, 
United Kingdom; 

- Genomer® 4302, 4235, 4297 or 4316 from Rahn Chemie, 
Switzerland; 

- Ebecryl® 284, 294, ORR351, 5129 or 1290 from UCB, 
Drogenbos, Belgium; 

- Roskydal® LS 2989 or LS 2545 or V94-504 from Bayer 
AG, Germany; 

- Viaktin® 6160 from Vianova, Austria; or 

- Laromer® 8861 from BASF AG, and experimental products 
modified from it. 
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Hydroxyl-containing urethane (meth) acrylates (al) are 
known, for example, from the patents US-A-4 , 634 , 602 or 
4,424,252. 

One example of a suitable polyphosphazene 

(meth) acrylate (al) is the phosphazene dimethacrylate 
from Idemitsu, Japan. 

The coating material of the invention further comprises 
a constituent (a2) . 

This constituent (a2) is also a resin within the 
meaning of the definition given above in the context of 
the description of the resins (al) . Accordingly, the 
resins (a2) as well come from the above-described 
oligomer and polymer classes. Of advantage in this case 
are the (meth ) acryloyl-f unctional (meth) acrylic 

copolymers, which are therefore used with preference in 
accordance with the invention as resins (a2). 

The resins (a2) are employed in an amount of preferably 
from 5 to 90% by weight, with particular preference 
from 10 to 80% by weight, and in particular from 15 to 
•70% by weight, based in each case on the overall amount 
of the coating material I [sic] . 

The resins (a2) comprise at least two, in particular at 
least three, functional groups (a21) which serve for 
crosslinking with actinic radiation. Examples of 
suitable functional groups (a21) for use in accordance 
with the invention are the functional groups (all) 
described above. 

The resins (a2) further comprise at least one, 
preferably at least two and, in particular, at least 
three functional groups (a22) which serve for thermal 
crosslinking. Examples of suitable such functional 
groups may be found in the overview given above. 
Isocyanate groups are particularly advantageous in this 
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context and are therefore used with very particular 
preference in accordance with the invention as 
functional groups (a22) . Particular advantages result 
if the resins (a2) have an isocyanate group (a22) 
5 content of from 7 to 20% by weight, with particular 
preference from 8 to 18% by weight, in particular from 
9 to 16% by weight, based in each case on the resin 
(a2) . 

10 Examples of suitable resins (a2) of the type described 
above are described, for example, in the patents 
US-A-5, 234 , 970, EP-A-0 549 116 or EP-A-0 618 244. 

The coating material for use in accordance with the 
15 invention may comprise at least one photoinitiator 
(a3) . If the coating material or the primer coat is to 
be crosslinked using UV radiation, the use of a 
photoinitiator (a3) is generally necessary. Where such 
initiators are used, they are present in the coating 
20 material in fractions of preferably from 0.1 to 10% by 
weight, [lacuna] from 1 to 8% by weight, and in 
particular from 2 to 6% by weight, based in each case 
on the overall amount of the coating material. 

25 Examples of suitable photoinitiator s (a3) are those of 
the Norrish II type, whose mechanism of action is based 
on an intramolecular variant of the hydrogen 
abstraction reactions as occur diversely in 
photochemical reactions (reference may be made here, by 

30 way of example, to Rompp Chemie Lexikon, 9th, expanded 
and revised edition, Georg Thieme Verlag Stuttgart, 
Vol. 4, 1991) or cationic photoinitiator s (reference 
may be made here, by way of example, to Rompp Lexikon 
Lacke und Druckfarben, Georg Thieme Verlag Stuttgart, 

35 1998, pages 444 to 446), especially benzophenones , 
benzoins or benzoin ethers, or phosphine oxides. It is 
also possible to use, for example, the products 
available commercially under the names Irgacure® 184, 
Irgacure® 1800 and Irgacure® 500 from Ciba Geigy, 
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Grenocure® [sic] MBF from Rahn, and Lucirin® TPO from 
BASF AG. 

Besides the photoinitiators (a3), use may be made of 
customary sensitizers <a3) such as anthracene in 
effective amounts. 

Furthermore, the coating material may comprise at least 
one thermal crosslinking initiator (a4). At from 80 to 
120°C, these initiators form radicals which start the 
crosslinking reaction. Examples of thermally labile 
free-radical initiators are organic peroxides, organic 
azo compounds, or C-C-cleaving initiators, such as 
dialkyl peroxides, peroxocarboxylic acids, peroxo- 
dicarbonates , peroxide esters, hydroperoxides, ketone 
peroxides, azo dinitriles, or benzpinacol silyl ethers. 
Particular preference is given to C-C-cleaving 
initiators, since their thermal cleavage does not 
produce any gaseous decomposition products which might 
lead to defects in the coating film. Where used, their 
amounts are generally from 0.1 to 10% by weight, 
preferably from 0.5 to 8% by weight, and in particular 
from 1 to 5% by weight, based in each case on the 
overall amount of the coating material. 

Moreover, the coating material may comprise at least 
one reactive diluent (a5) curable thermally and/or with 
actinic radiation. 

Examples of suitable thermally crosslinkable reactive 
diluents (a5) are oligomeric polyols which are 
obtainable from oligomeric intermediates, themselves 
obtained by metathesis reactions of acyclic monoolefins 
and cyclic monoolefins, by hydrof ormylat ion and 
subsequent hydrogenation . 

Examples of suitable cyclic monoolefins are cyclo- 
butene, cyclopentene , cyclohexene, cyclooctene, cyclo- 
heptene, norbornene or 7 -oxanorbornene ; examples of 
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suitable acyclic monoolef ins are 
mixtures obtained in petroleum 
(C 5 cut) . 

Examples of suitable oligomeric polyols (a5) of this 
kind have a hydroxyl number (OHN) of from 200 to 450, a 
number average molecular weight Mn of from 400 to 1000, 
and a mass average molecular weight Mw of from 600 to 
1100; 

further examples of suitable thermally crosslinkable 
reactive diluents (a5) are hyperbranched compounds 
having a tetraf unctional central group, derived from 
ditrimethylolpropane , diglycerol, dit r imethylolethane , 
pentaerythritol , tetrakis { 2 -hydroxyethyl ) methane , 

tetrakis ( 3-hydroxypropyl ) methane or 2 , 2-bishydroxy- 
methyl-1 , 4-butanediol (homopentaerythritol ) . 

These reactive diluents (a5) may be prepared in 
accordance with the customary and known methods of 
preparing hyperbranched and dendrimeric compounds. 
Suitable synthesis methods are described, for example, 
in the patents WO 93/17060 or WO 96/12754 or in the 
book by G.R. Newkome, C.N. Moorefield and F. Vogtle, 
"Dendritic Molecules, Concepts, Syntheses, 

Perspectives", VCH, Weinheim, New York, 1996. 

Further examples of suitable reactive diluents (a5) are 
polycarbonate diols, polyester polyols, poly(meth)- 
acrylate diols or hydroxyl-containing polyaddition 
products . 

Examples of suitable reactive solvents which may be 
used as reactive diluents (a5) are butyl glycol, 
2-methoxypropanol , n-butanol, methoxybutanol , 

n-propanol, ethylene glycol monomethyl ether, ethylene 
glycol monoethyl ether, ethylene glycol monobutyl 
ether, diethylene glycol monomethyl ether, diethylene 
glycol monoethyl ether, diethylene glycol diethyl 
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ether, diethylene glycol monobutyl ether, trimethylol- 
propane, ethyl 2-hydroxypropionate or 3-methyl-3- 
methoxybutanol and also derivatives based on propylene 
glycol, e.g., ethoxyethyl propionate, isopropoxy- 
propanol or methoxypropyl acetate . 

As reactive diluents (a5) which may be crosslinked with 
actinic radiation, use is made, for example, of 
(meth) acrylic acid and esters, maleic acid and its 
esters, including monoesters, vinyl acetate, vinyl 
ethers, vinylureas, and the like. Examples that may be 
mentioned include alkylene glycol di (meth ) acrylate , 
polyethylene glycol di (meth) acrylate , 1 , 3-butanediol 
di (meth) acrylate, vinyl (meth ) acrylate , allyl (meth) - 
acrylate, glycerol tri (meth ) acrylate , trimethylol- 
propane tri (meth) acrylate, t r ime thylolpropane di (meth) - 
acrylate, styrene, vinyltoluene , di vinylbenzene , 
pentaerythritol tri (meth ) acrylate , pentaerythritol 

tetra (meth) acrylate, dipropylene glycol di(meth)- 
acrylate, hexanediol di (meth ) acrylate , ethoxyethoxy- 
ethyl acrylate, N-vinylpyr rolidone , phenoxyethyl 
acrylate, dimethylaminoethyl acrylate, hydroxyethyl 
(meth) acrylate, butoxyethyl acrylate, isobornyl 

(meth) acrylate, dimethylacrylamide and dicyclopentyl 
acrylate, and the long-chain linear diacrylates that 
are described in EP-A 0 250 631, having a molecular 
weight of from 400 to 4000, preferably from 600 to 
2500. For example, the two acrylate groups may be 
separated by a polyoxybutylene structure. It is further 
possible to use 1,12-dodecyl diacrylate and the 
reaction product of 2 mols of acrylic acid with one 
mole of a dimeric fatty alcohol having generally 
36 carbon atoms. Also suitable are mixtures of the 
abovementioned monomers . 

Preferred reactive diluents ■ (a5) used comprise mono- 
and/or diacrylates, such as isobornyl acrylate, 
hexanediol diacrylate, tripropylene glycol diacrylate, 
Laromer® 8887 from BASF AG and Actilane® 423 from 
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Akcros Chemicals, Ltd., UK. Particular preference is 
given to the use of isobornyl acrylate, hexanediol 
diacrylate and tripropylene glycol diacrylate. 

Where used, the reactive diluents <a5) are employed in 
an amount of preferably from 2 to 70% by weight, with 
particular preference from 10 to 65% by weight, and in 
particular from 15 to 50% by weight, based in each case 
on the overall amount of the coating material. 

The coating material may further comprise at least one 
customary and known coatings additive (a6) in effective 
amounts, i.e., in amounts preferably up to 40% by 
weight, with particular preference up to 30% by weight, 
and in particular up to 20% by weight, based in each 
case on the overall amount of coating material. 

Examples of suitable coatings additives (a6) are 

- UV absorbers; 

- light stabilizers such as HALS compounds, 
benzotriazoles or oxalanilides ; 

- free-radical scavengers; 

- crosslinking catalysts such as dibutyltin dilaurate 
or lithium decanoate; 

- slip additives; 

- polymerization inhibitors; 

- defoamers; 

- emulsifiers, especially nonionic emulsifiers such as 
alkoxylated alkanols and polyols, phenols and 
alkylphenols or anionic emulsifiers such as alkali 
metal salts and ammonium salts of a 1 kanecarboxylic 
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acids, alkanesulf onic acids, and sulfo acids of 
alkoxylated alkanols and polyols, phenols and 
alkylphenols ; 

wetting agents such as siloxanes, fluorine compounds, 
carboxylic monoesters, phosphoric esters, polyacrylic 
acids and copolymers thereof, polyurethanes or 
acrylate copolymers, which are obtainable 

commercially under the trade names Modaflow® or 
Disperlon® ; 

adhesion promoters such as tricyclodecanedimethanol ; 
leveling agents; 

film forming auxiliaries such as cellulose 
derivatives ; 

- fillers such as talc, calcium carbonate and calcium 
sulfate, barium sulfate, titanium dioxide or zinc 
sulfide; for further details, reference is made to 
Rompp Lexikon "Lacke und Druckfarben" Georg Thieme 
Verlag, Stuttgart, 1998, pages 250 to 252; 

- electrically conductive pigments such as pretreated 
titanium dioxide or Minatec® 40CM from Merck, 
Darmstadt, Germany; 

- flame retardants or 

- flatting agents. 

Further examples of suitable coatings additives (a6) 
are described in the textbook "Lackadditive" [Additives 
for coatings] by Johan Bieleman, Wiley-VCH, Weinheim, 
New York, 1998. 

Not least, the coating material may comprise at least 
one thermally curable constituent (a7) in minor 
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amounts. In the context of the present invention, minor 
amounts are amounts which do not adversely affect the 
dual cure properties of the coating material, but 
instead vary them advantageously. Where used, their 
fraction in the coating material should generally not 
exceed 40% by weight, preferably 35% by weight, and in 
particular 30% by weight. 

Examples of suitable constituents (a7) are the binders 
and crosslinking agents known from the thermally 
curable coating materials. 

Examples of suitable binders (a7) are linear and/or 
branched and/or block, comb and/or random 

poly (meth) acrylates or acrylate copolymers, polyesters, 
alkyds, . amino resins, polyurethanes , polylactones , 
polycarbonates, polyethers, epoxy resin-amine adducts, 

(meth) acrylate diols, partially saponified polyvinyl 
esters or polyureas, among which the acrylate 
copolymers, the polyesters, the polyurethanes, the 
polyethers and the epoxy resin-amine adducts are 

advantageous . 

Suitable binders (a7) are sold, for example, under the 
trade names Desmophen® 650, 2089, 1100, 670, 1200 or 
2017 by Bayer, under the trade names Priplas or Pripol® 
by Uniqema, under the trade names Chempol® polyester or 
polyacrylate-polyol by CCP, under the trade names 
Crodapol® 0-85 or 0-86 by Croda, or under the trade 
name Formrez® ER417 by Witco. 

Examples of suitable crosslinking agents (a7) are 
blocked diisocyanates and/or polyisocyanates . 

Examples of suitable diisocyanates and/or polyiso- 
cyanates for preparing the blocked derivatives (a7) are 
organic polyisocyanates, especially so-called paint 
polyisocyanates, containing free isocyanate groups 
attached to aliphatic, cycloaliphatic , araliphatic 
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and/or aromatic moieties . Preference is given to 
polyisocyanates containing 2 to 5 isocyanate groups per 
molecule and having viscosities of from 100 to 10,000, 
preferably from 100 to 5000, and in particular from 
5 1000 to 2000 mPas (at 23°C) . If desired, small amounts 
of organic solvent, preferably from 1 to 25% by weight 
based on straight polyisocyanate , may be added to the 
polyisocyanates in order thus to improve the ease of 
incorporation of the isocyanate and, if appropriate, to 

10 lower the viscosity of the polyisocyanate to a level 
within the abovement ioned ranges. Examples of suitable 
solvent additives to polyisocyanates are ethoxyethyl 
propionate, amyl methyl ketone, and butyl acetate. 
Additionally, the polyisocyanates may have been 

15 hydrophilically or hydrophobically modified in a 
conventional manner. 

Examples of suitable polyisocyanates are described, for 
example, in "Methoden der organischen Chemie", Houben- 

20 Weyl, volume 14/2, 4th Edition, Georg Thieme Verlag, 
Stuttgart 1963, pages 61 to 70, and by W. Siefken, 
Liebigs Annalen der Chemie, volume 562, pages 75 to 
136. Suitable examples include the isocyanato- 
containing polyurethane prepolymers, which may be 

25 prepared by reacting polyols with an excess of 
polyisocyanates and which are preferably of low 
viscosity . 

Further examples of suitable polyisocyanates are 
30 polyisocyanates containing isocyanurate , biuret, 
allophanate, iminooxadiazinedione , urethane, urea 
and/or uretdione groups. Polyisocyanates containing 
urethane groups, for example, are obtained by reacting 
some of the isocyanate groups with polyols, such as 
35 trimethylolpropane and glycerol, for example. 
Preference is given to the use of aliphatic or 
cycloaliphatic polyisocyanates, especially hexa- 
methylene diisocyanate , dimerized and trimerized 
hexamethylene diisocyanate, isophorone diisocyanate, 
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2-isocyanatopropylcyclohexyl isocyanate, dicyclohexyl- 
methane 2 , 4 ' -diisocyanate , dicyclohexylmethane 4,4'-di- 
isocyanate or 1 , 3-bis ( i socyanatomethyl ) cyclohexane , 
diisocyanates derived from dimeric fatty acids as sold 
5 under the commercial designation DDI 1410 by the 
company Henkel, 1, 8-diisocyanato-4-isocyanatomethyl 
octane, 1, 7-diisocyanato-4-isocyanatomethyl heptane or 
l-isocyanato-2- ( 3-isocyanatopropyl ) cyclohexane, or 
mixtures of these polyisocyanates . 

10 

Very particular preference is given to the use of 
mixtures of polyisocyanates containing uretdion and/or 
isocyanurate groups and/or allophanate groups and based 
on hexamethylene diisocyanate, as are formed by 
15 catalytic oligomerization of hexamethylene diisocyanate 
using appropriate catalysts. The polyisocyanate 
constituent may otherwise consist of any desired 
mixtures of the free polyisocyanates exemplified above. 



20 Examples of suitable blocking agents are the blocking 
agents known from the U.S. patent US-A-4 , 4 4 4 , 954 , such 
as 



phenols such as phenol, cresol, xylenol, 
nitrophenol chlorophenol , ethylphenol, t-butyl- 
phenol, hydroxybenzoic acid, esters of this acid, 
or 2, 5-di-tert-butyl-4 -hydroxytoluene ; 

lactams, such as s-caprolactam, 5-valerolactam, 
y-butyrolactam or p-propiolactam; 



iii) active methylenic compounds, such 
malonate, dimethyl malonate, ethyl 
acetoacetate , or acetylacetone; 

35 

iv) alcohols such as methanol, ethanol, n-propanol, 
isopropanol, n-butanol, isobutanol, t-butanol, 
n-amyl alcohol, t-amyl alcohol, lauryl alcohol, 
ethylene glycol monomethyl ether, ethylene glycol 



as dxethyl 
or methyl 
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monoethyl ether, ethylene glycol monobutyl ether, 
diethylene glycol monomethyl ether, diethylene 
glycol monoethyl ether, propylene glycol 

monomethyl ether, methoxymethanol , glycolic acid, 
glycolic esters, lactic acid, lactic esters, 
methylolurea , methylolmelamine , diacetone alcohol, 
ethylenechlorohydrin, ethylenebromohydrin, 1,3-di- 
chloro-2-propanol, 1 , 4 -cyclohexyldimethanol or 
acetocyanohydrin; 

v) mercaptans such as butyl mercaptan, hexyl 
mercaptan, t-butyl mercaptan, t-dodecyl mercaptan, 
2-mercaptobenzothiazole , thiophenol, methylthio- 
phenol or ethyl thiophenol ; 

vi) acid amides such as acetoanilide , acetoanisidin- 
amide, acrylamide, me thacr ylamide , acetamide, 
stearamide or benzamide; 

vii) imides such as succinimide, phthalimide or 
maleimide ; 

viii) amines such as diphenylamine , phenylnaphthylamine , 
xylidine, N-phenylxylidine , carbazole, aniline, 
naphthylamine, butylamine, dibutylamine or butyl- 
phenylamine ; 

ix) imidazoles such as imidazole or 2-ethylimidazole; 

x) ureas such as urea, thiourea, ethyleneurea , 
ethylenethiourea or 1 , 3-diphenylurea ; 

xi) carbamates such as phenyl N-phenylcarbamate or 
2-oxazolidone; 

xii) imines such as ethyleneimine ; 

xiii) oximes such as acetone oxime, f ormaldoxime , 
acetaldoxime, acetoxime, methyl ethyl ketoxime, 
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diisobutyl ketoxime, diacetyl monoxirae, benzo- 
phenone oxime or chlorohexanone oximes; 

xiv) salts of sulfurous acid such as sodium bisulfite 
or potassium bisulfite; 

xv) hydroxamic esters such as benzyl methacrylo- 
hydroxamate (BMH) or allyl methacr ylohydroxamate ; 
or 

xvi) substituted pyrazoles, ketoximes, imidazoles or 
triazoles; and also 



mixtures of these blocking agents, especially 
dimethylpyrazole and triazoles, malonic esters and 
acetoacetic esters or dimethylpyrazole and succinimide. 



As crosslinking agents (a7) it is also possible to use 
tris (alkoxycarbonylamino) triazines of the general 
formula 5 [sic] 




Examples of suitable tris (alkoxycarbonylamino) triazines 
(a7) are described in the patents US-A- 4 , 93 9 , 2 13 , 
US-A-5, 084 , 541 and EP-A-0 624 577. Use is made in 
particular of the tris (methoxy- , tris (butoxy- and/or 
tris (2-ethylhexoxycarbonylamino) triazines . 
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The methyl butyl mixed esters, the butyl 2-ethylhexyl 
mixed esters, and the butyl esters are of advantage. 
They have the advantage over the straight methyl ester 
of better solubility in polymer melts, and also have 
5 less of a tendency to crystallize out. 

Especially suitable for use as suitable crosslinking 
agents (a7) are amino resins, examples being melamine 
resins. In this instance, use can be made of any amino 

10 resin suitable for transparent topcoats or clearcoats, 
or of a mixture of such amino resins. Especially 
suitable are the customary and known amino resins some 
of whose methylol and/or methoxymethyl groups have been 
def unctionalized by means of carbamate or allophanate 

15 groups. Crosslinking agents of this kind are described 
in the patents US-A-4 , 7 1 0 , 54 2 and EP-B-0 245 700 and 
also in the article by B. Singh and coworkers, 
"Carbamylmethylated Melamines, Novel Crosslinkers for 
the Coatings Industry" in Advanced Organic Coatings 

20 Science and Technology Series, 1991, volume 13, pages 
193 to 207. The amine resins may furthermore be used 
also as binders (all) in the base paint (Al) . 

Further examples of suitable crosslinking agents (a7) 
25 are beta-hydroxyal kylamides such as N, N, N' , N' -tetrakis- 
( 2-hydroxyethyl ) adipamide or N, N, N' , N' -tetrakis (2- 
hydroxypropyl ) adipamide . 

Further examples of suitable crosslinking agents (a7) 
30 are siloxanes, especially siloxanes containing at least 
one trialkoxy- or dialkoxysilane group. 

Further examples of suitable crosslinking agents (a7) 
are polyanhydrides , especially polysuccinic anhydride. 

35 

If the coating material includes a resin (al) which 
contains no functional groups (al2) the constituent 
(a7) is mandatorily in the coating material. In this 
case it is of advantage in accordance with the 
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invention to use the above-described binders (a7) for 
this purpose. 

Overall, it is of advantage for the coating material of 
the invention if the complementary functional groups 
(al2) and (a22), especially the hydroxyl groups and the 
isocyanate groups, are present in a molar ratio OH/NCO 
of from 0.5 to 2:1, with particular preference from 0.8 
to 1.5:1, with very particular preference from 0.8 to 
1.2:1, and in particular from 0.8 to 1.0:1. 

The coating material for use in accordance with the 
invention may be present in different forms. 

For instance, given an appropriate choice of its 
constituents as described above, it may be present in 
the form of a liquid coating material which is 
essentially free from organic solvents and/or water. 
Alternatively, the coating material may comprise a 
solution or dispersion of the above-described 
constituents in water and/or organic solvents. It is a 
further advantage of the coating material of the 
invention that solids contents of up to 80% by weight, 
based on the coating material, may be formulated. 

Moreover, given an appropriate choice of its 
constituents as described above, the coating material 
may be a powder clearcoat material. This powder 
clearcoat material may if desired be dispersed in water 
to give a powder slurry clearcoat material. 

The coating material, if permitted by the reactivity of 
its constituents (al) and/or (a7) on the one hand and 
(a2) on the other, may be a one-component system. If, 
however, there is a risk of premature and thermal 
crosslinking of the abovement ioned constituents, it is 
advisable to configure the coating material as a two- 
component or multicomponent system, in which at least 
the constituent <a2) is stored separately from the 
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other constituents and is added to them not until 
shortly before use. 

In accordance with the sealing process of the 
5 invention, the compounds of the invention are prepared 
by applying the coating material of the invention to 
the surface of the SMCs or of the BMCs as a primer 
coat . 



10 In the context of the sealing process of the invention 
it is possible here to apply one or more primer coats. 
Where two or more primer coats are applied, the coating 
materials of the invention that are used may differ in 
their material composition. In the great majority of 

15 cases, however, the desired profile of properties of 
the compounds of the invention is achieved with one 
primer coat. 

The primer coat is applied in a wet film thickness such 
20 that curing in the finished compound of the invention 
results in a dry film thickness of the seal of from 10 
to 100, preferably from 15 to 75, with particular 
preference from 20 to 55, and in particular from 20 to 
35 (am. 

25 

The application of the coating material of the 
invention for the purpose of producing the primer coat 
may take place by any customary application method, 
such as spraying, knife coating, brushing, flow 

30 coating, dipping or rolling, for example. It is 
preferred to employ spray application methods, such as 
compressed air spraying, airless spraying, high-speed 
rotation, electrostatic spray application (ESTA) , for 
example, alone or in conjunction with hot spray 

35 application such as hot air spraying, for example. 
Application may take place at temperatures of max. 70 
to 80°C, so that appropriate application viscosities 
are attained without any change or damage to the 
coating material and its overspray (which may be 
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intended for reprocessing) during the short period of 
thermal stress. Hot spraying, for instance, may be 
configured in such a way that the coating material is 
heated only very briefly in the spray nozzle or shortly 
before the spray nozzle. 

The spray booth used for application may be operated, 
for example, with a circulation system, which may be 
temperature-controllable, and which is operated with an 
appropriate absorption medium for the overspray, an 
example of such a medium being the coating material of 
the invention itself. 

Preferably, application is made under illumination with 
visible light with a wavelength of more than 550 |J.m, or 
in the absence of light. By this means, material 
alteration or damage to the coating material I [sic] 
and to the overspray is avoided. 

The application methods described above may of course 
also be used to produce the clearcoat and multicoat 
systems of the invention in the context of the coating 
processes of the invention. 

In accordance with the invention, following its 
application, the primer coat is cured thermally and 
with actinic radiation. 

Curing may take place after a certain rest period. This 
period may have a duration of from 30 s to 2 h, 
preferably from 1 min to 1 h, and in particular from 
1 min to 30 min. The rest period is used, for example, 
for leveling and devolat ili zation of the primer coat or 
for the evaporation of volatile constituents such as 
solvents, water or carbon dioxide, if the coating 
material was applied using supercritical carbon dioxide 
as solvent. The rest period may be shortened and/or 
assisted by the application of elevated temperatures up 
to 80° Celsius, provided this does not entail any 
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damage or alteration to the primer coat, such as 
premature complete cros slinking , for instance. 

In accordance with the invention, curing with actinic 
radiation takes place with UV radiation or electron 
beams. If desired, it may be supplemented by or 
conducted with actinic radiation from other radiation 
sources. In the case of electron beams, it is preferred 
to operate under an inert gas atmosphere. This may be 
ensured, for example, by supplying carbon dioxide 
and/or nitrogen directly to the surface of the primer 
coat . 

In the case of curing with UV radiation, as well, it is 
possible to operate under inert gas in order to prevent 
the formation of ozone. 

Curing with actinic radiation is carried out using the 
customary and known radiation sources and optical 
auxiliary measures. Examples of suitable radiation 
sources are high or low pressure mercury vapor lamps, 
with or without lead doping in order to open up a 
radiation window of up to 405 nm, or electron beam 
sources. The arrangement of these sources is known in 
principle and may be adapted to the circumstances of 
the workpiece and the process parameters. In the case 
of workpieces of complex shape, as are envisaged for 
automobile bodies, the regions not accessible to direct 
radiation (shadow regions) such as cavities, folds and 
other structural undercuts may be (partially) cured 
using pointwise, small-area or all-round emitters, in 
conjunction with an automatic movement means for the 
irradiation of cavities or edges. 

The equipment and conditions for these curing methods 
are described, for example, in R. Holmes, U.V. and 
E.B. Curing Formulations for Printing Inks, Coatings 
and Paints, SITA Technology, Academic Press, London, 
United Kingdom 1984. 
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Curing may take place in stages, i.e., by multiple 
exposure to light or actinic radiation. This may also 
be done alternately, i.e., by curing in alternation 
with UV radiation and with electron beams. 

The thermal curing as well has no special features in 
terms of its methodology but instead takes place in 
accordance with the customary and known methods such as 
heating in a forced air oven or irradiation with IR 
lamps. As with the curable actinic radiation, thermal 
curing may also take place in stages. Advantageously, 
thermal curing takes place at a temperature from 50 to 
100°C, with particular preference from 80 to 100°C, and 
in particular from 90 to 100°C, for a period ranging 
from 1 minute up to 2 h, with particular preference 
2 min up to 1 H, and in particular from 3 to 30 min . 
Where substrates are used which are able to withstand 
high thermal loads, thermal crosslinking may also be 
conducted at temperatures above 100°C. In this case it 
is generally advisable not to exceed temperatures of 
180°C, preferably 160°C, and in particular 140°C. 

Where thermal curing and curing with actinic radiation 
are employed together, these methods may be used 
simultaneously or in alternation. Where the two curing 
methods are used in alternation it is possible, for 
example, to begin with thermal curing and end with 
actinic radiation curing. In other cases it may prove 
advantageous to begin and to end with actinic radiation 
curing. The skilled worker is able to determine the 
curing method most advantageous for the case in hand, 
on the basis of his or her general knowledge in the 
art, possibly with the aid of simple preliminary tests. 

Of course, the above-described curing methods may also 
be employed in the context of the production of the 
clearcoat and multicoat systems of the invention as 
part of the coating processes of the invention. 
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The compounds of the invention obtained in the manner 
of the invention show no signs whatsoever of 
microbubbles (blisters) . Their surface is smooth and 
free from defects. Their overcoatability is 
outstanding, as is their thermal stability: even under 
thermal loads at high temperatures for several hours, 
the surface is not damaged. The compounds of the 
invention may therefore be built directly into uncoated 
automobile bodies and coated on the line together with 
them. 

To produce the clearcoat of the invention, the coating 
material of the invention is applied by the coating 
process of the invention, with the aid of the 
application methods described above, to the primed or 
unprimed substrates described above, and is cured 
thermally and with actinic radiation. 

The clearcoats of the invention may also be part of the 
multicoat systems of the invention. 

For this purpose, the coating material of the invention 
is applied by the coating process of the invention not 
to the primed or unprimed substrates but instead to at 
least one color and/or effect basecoat film which is 
present thereon, comprising a pigmented coating 
material that is curable thermally and also, if 
appropriate, with actinic radiation. 

In accordance with the invention it is of advantage to 
apply the coating materials of the invention by the 
wet-on-wet technigue to the dried or flashed-off, but 
not fully cured, basecoat film, after which the 
resultant clearcoat film and the basecoat film are 
cured together thermally and with actinic radiation. 
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Suitable coating materials for producing the basecoat 
film are the customary and known basecoat materials, 
especially aqueous basecoat materials. 

Examples of suitable aqueous basecoat materials are 
known from the patents EP-A-0 089 497, EP-A-0 256 540, 
EP-A-0 260 447, EP-A-0 297 576, WO 96/12747, 

EP-A-0 523 610, EP-A-0 228 003, EP-A-0 397 806, 

EP-A-0 574 417, EP-A-0 531 510, EP-A-0 581 211, 

EP-A-0 708 788, EP-A-0 593 454, DE-A-43 28 092, 

EP-A-0 299 148, EP-A-0 394 737, EP-A-0 590 484, 

EP-A-0 234 362, EP-A-0 234 361, EP-A-0 543 817, 

WO 95/14721, EP-A-0 521 928, EP-A-0 522 420, 

EP-A-0 522 419, EP-A-0 649 865, EP-A-0 536 712, 

EP-A-0 596 460, EP-A-0 596 461, EP-A-0 584 818, 

EP-A-0 669 356, EP-A-0 634 431, EP-A-0 678 536, 

EP-A-0 354 261, EP-A-0 424 705, WO 97/49745, 

WO 97/49747, EP-A-0 401 565, EP-B-0 730 613 or 

WO 95/14721. 

The clearcoats and multicoat systems of the invention 
exhibit good scratch resistance, intercoat adhesion, 
weathering stability and chemical stability and also 
have an outstanding profile of optical properties. 



Example 1 

The production of compounds of the invention 



A primer coat of a coating material was in each case 
applied to SMCs (sheet molded compounds), as used for 
producing the reflectors of automobile lamps, and was 
predried at from 50 to 60°C for 6 minutes and fully 
cured with UV radiation (from 1 to 3 joules/cm 2 ) and 
thermally (10 minutes at 90°C) . In all cases, the 
primer coat was applied in a wet film thickness such 
that the dry film thickness of the seal in the sealed 
compounds was from 25 to 27 fim. 
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The coating material consisted of 100 parts by weight 
of a urethane (meth) acrylate free from hydroxyl groups 
(Ebecryl® 5129 from UCB) , 100 parts by weight of a 
polyesterpolyol (Desmophen® from Bayer AG), 2.5 parts 
5 by weight of a commercial photoini t iator (Irgacure® 819 
from Ciba and Lucirin® TPO from BASF AG), 0.6 part by 
weight of a commercial UV absorber and light stabilizer 
(mixture of Tinuvin® 400 and neutral HALS from Ciba, 
and also a sterically hindered phenol), 50 parts by 

10 weight of a commercially oligomeric acrylate containing 
free isocyanate groups and acrylate groups 
(Roskydal® 2545 from Bayer AG) and 76 parts by weight 
of microtalc as filler. For application, the coating 
material was adjusted to spray viscosity (solids 

15 content about 30 to 40% by weight) using a suitable 
organic solvent (mixture of butyl acetate, n-butanol 
and Ektapro®) . 

The compounds of the invention obtained by the method 
20 of the invention showed no signs whatsoever of 
microbubbles (blisters) . Their surface was smooth and 
free from defects. Their overcoatability was 
outstanding, as was their thermal stability: even under 
a thermal load of 190°C for two hours, the surface was 
25 undamaged. The compounds of the invention gave 
outstanding reflectors with a long service life. 
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What is claimed is: 

1. A coating material curable thermally and with 
actinic radiation, comprising 

(al) at least one constituent containing 

(all) at least two functional groups which 
serve for crosslinking with actinic 
radiation, and if desired 

(al2) at least one functional group which is 
able to undergo thermal crosslinking 
reactions with a complementary 

functional group (a22) in the 

constituent (a2), 



(a2) at least one constituent containing 

(a21) at least two functional groups which 
serve for crosslinking with actinic 
radiation, and 

(a22) at least one functional group which is 
able to undergo thermal crosslinking 
reactions with a complementary 

functional group (al2) in the 

constituent (al), 

and also, if desired, comprising 

(a3) at least one photoinitiator , 

(a4) at least one thermal crosslinking initiator, 



(a5) at least one reactive diluent curable 
thermally and/or with actinic radiation, 



:1J3Lj;LU:i oc. . ILL :1J O 



35 - 



(a6) at least one coatings additive, and/or 

(a7) at least one thermally curable constituent, 

with the proviso that the coating material 
contains at least one thermally curable 
constituent (a7) if the constituent (al) has no 
functional group (al2). 

The coating material as claimed in claim 1, 
wherein the functional groups (all) and (a21) 
comprise olefinically unsaturated groups or 
epoxide groups, especially olefinically 

unsaturated groups, the functional groups (al2) 
comprise hydroxyl groups, and the complementary 
functional groups (a22) comprise isocyanate 
groups . 

The coating material as claimed in claim 1 or 2, 
wherein the constituent (al) comprises a urethane 
(meth) acrylate and the constituent (a2) comprises 
a (meth) acrylate-f unctional (meth ) acrylate 

copolymer containing free isocyanate groups and/or 
a (meth ) acrylate-f unctional polyisocyanate . 

The use of the coating material as claimed in any 
of claims 1 to 3 for sealing SMCs (sheet molded 
compounds) and BMCs (bulk molded compounds) . 

The use of the coating material as claimed in any 
of claims 1 to 3 in automotive OEM finishing, 
automotive refinish, the coating of plastics, 
furniture coating, and industrial coating, 
including coil coatings and container coatings, 
for producing clearcoats and multicoat color 
and/or effect coating systems. 
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A process for sealing SMCs (sheet molded 
compounds) and BMCs (bulk molded compounds) by 
applying a primer coat of a coating material and 
curing the primer coat, which comprises using a 
coating material as claimed in any of claims 1 to 
3. 

An SMC (sheet molded compound) or BMC (bulk molded 
compound) sealed with a primer coat producible 
with the aid of the process as claimed in claim 6. 

The use of an SMC (sheet molded compound) or BMC 
(bulk molded compound) as claimed in claim 7 to 
produce automobile parts . 

An automobile comprising SMC (sheet molded 
compounds) and/or BMCs (bulk molded compounds) as 
claimed in claim 7 . 

A process for producing a clearcoat or a multicoat 
color and/or effect coating system, in which at 
least one clearcoat film of a coating material 
curable thermally and with actinic radiation is 
applied to the surface of a primed or unprimed 
substrate or, wet-on-wet, to the surface of a 
basecoat film and, if appropriate, is cured 
together with the basecoat film, which comprises 
using as coating material the coating material as 
claimed in any of claims 1 to 3 . 

A clearcoat or multicoat color and/or effect 
coating system, producible with the aid of the 
process as claimed in claim 10. 

A motor vehicle, plastics part, furniture item or 
other part for private or industrial use, 
including coils and containers, comprising at 
least one clearcoat and/or at least one multicoat 
system as claimed in claim 11. 
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Abstract 

A coating material curable thermally and with actinic 
radiation, comprising at least one constituent (al) 
containing at least two functional groups (all) which 
serve for crosslinking with actinic radiation, and if 
desired at least one functional group (al2) which is 
able to undergo thermal crosslinking reactions with a 
complementary functional group (a22) in the constituent 
(a2), and at least one constituent (a2) containing at 
least two functional groups (a21) which serve for 
crosslinking with actinic radiation, and at least one 
functional group (a22) which is able to undergo thermal 
crosslinking reactions with a complementary functional 
group (al2) in the constituent (al), and also, if 
desired, comprising at least one photoini tiator (a3), 
at least one thermal crosslinking initiator (a4), at 
least one reactive diluent curable thermally and/or 
with actinic radiation (a5), at least one coatings 
additive (a6) , and/or at least one thermally curable 
constituent (al), with the proviso that the coating 
material contains at least one thermally curable 
constituent (a7) if the constituent (al) has no 
functional group (al2) . The coating material is used to 
seal SMCs (sheet molded compounds) and BMCs (bulk 
molded compounds) . 
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1 DECLARATION [ Utility or Design Patent Appiiqation | 

POWER OF ATTdRNEY 

□ I hereby appoint the practitioner(s) associated with the Customer Number provided below to prosecute this 
application and to transact all business in the Patent and Trademark Office connected therewith 









| x | Customer Number or Bar Code Label 


IMIIIIII 


or | | Correspondence address below 




26922 






PATE NT-TRADEMARPTD FFICE 





County I United States of America I Telephone 1(248)948-2019 I Fax I (248) 948-2093 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 



Name OF SECOND INVENTOR: | 


A petition has been filed for this unsigned inventor 


Given Name Pvrillp 

(first and middle [if any] - y - ^ 


2? JAECQUES_ 




Date 


Residence: City 


F-67590 \\ 
Schweighouse 


st'ars" 


"Trance 


Country 


France 

V 


Citizenship 


French 


Mailing Address 


| 23, Rue des R 


aseaux, Lotissement La Clairier 








City j F-67590 Schweighouse 


State 


France 




| Zip 
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DECLARATION "| Utility or Design Patent Application 



POWER OF ATTORNEY 

I hereby appoint the practitioner(s) associated with the Customer Number provided below to prosecute this 
application and to transact all business in the Patent and Trademark Office connected therewith 



□ 



□ 



Customer Number or Bar Code Label 



HUM 

26922 

PATENT-TRADEMARK OFFICE 



D 



Correspondence address below 



County United States of America Telephone (248)948-2019 Fax (248)948-2093 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 



Name of Additional Joint Inventor, If any: | 


A petition has been filed for this unsigned inventor 


Given Name Isabelle 
(first and middle pf any] , ° v 


Family Name KAUFFER 
or Surname , 


Inventor's <r ~~j[^Lr«fcA 

Signature Z-^^^ 


DaB MIolloJ. 


Residence: City 48317 State Germany 

DrenstejnjucL— . p 


Country Germany Citizenship French 


Mailing Address | Clara-Schumann-Str.17 


City | 48317 Drensteinfurt | State j Germany j Zip | 
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